where R i0 -initial (nominal) resistances, ε i -relative increments of resistances (i=1, 2, 3, 4).
Bridge transfer functions (1), (2) can be simplified to products of their initial sensitivities t 0 ', t 0 " in the balance and normalized unbalance functions f'(ε i ), f"(ε i ). Their formulas can be expressed by initial values R i0 and increments of all resistances, i.e.R i =R i0 (1+ε i ) and R i0 referencing to one of the first arm, i.e.: R 20 ≡mR 10 , R 40 ≡nR 10 and R 30 '=(m/n)R 10 or R 30 "=(n/m)R 10 , as is shown in Table 1 . It results from two balance states of this bridge-circuit.
If the sensors are situated in all arms of the bridge circuit and their resistances R i0 are equal and their resistance changes are small (thus
), the simplified version of the equations can be provided as follows: 
where:
III. ACCURACY MEASURES
Assume that open-circuit voltage to current parameters r AB , r CD consist of two components. The parameters r AB0 , r DC0 are initial values and Δ rAB , Δ rCD are the increments of r AB , r CD :
Then one can modify equations (1) and (2) as follows:
Actual (absolute) errors of parameters r AB0 and r DC0 are related to initial sensitivities t 0 ', t 0 ". The relative errors δ rAB0 , δ rCD0 are the functions of algebraic sum of the initial (zero) errors of all the resistances [10] :
Actual relative errors δ Ri of resistances can beexpressed by initial errors δ i0 and errorsδ εi of their increments
Actual (absolute) errors of parameters r AB and r DC are also related to initial sensitivities t 0 ', t 0 ":
Their equations are more complicated. Actual values of measurement errors of bridge transfer functionsr AB and r CD result from the total differential of analytical equations (6) and (7) from Table 1 . After ordering all components of actual errors δ Ri of resistances R i one can estimateabsolute errors Δr AB (20a) andΔr CD (20b). Then with (14-17) the following accuracy measures can be expressed:
• relative actual errors (21a) and (21b), • relative limited errors (22a) and (22b), • random (mean square) measures (23a) and (23b).
All the accuracy measures are ordered in Table 2 .Additionally, actual errors of increments r AB -r AB0 and r CD -r CD0 are defined. They were related to r AB and r CD parameters as follows:
Actual (26a, 26b, 28a, 28b) and limited (27a, 27b, 29a, 29b) relative errors for the circuit with two sensors (with two resistances R 1 and R 2 variable) is shown in Table 3 . All of errors depend on the two increments ε A and ε B (what represent two measured quantities A and B). They are also the functions of δ i0 (zero errors) and δ εi (gain errors) of resistors and sensors. This is a novelty in presenting of the accuracy measures in two parameter (2D) measurement.
IV. TWO-PARAMETER MEASUREMENT OF STRAIN AND TEMPERATURE CHANGE
A prototype version was worked out in order to explain the concept of operation of a system measuring two parameters at the same time. The system shown in Fig. 2 can be applied to measure strain in one axis (e.g. x-axis by strain gauge R 1 ) and temperature (strain gauge or resistance thermometer R 2 ). This type of measurement system can be also applied to examine other quantities which can be measured with the use of resistance sensors(parametric).
Great advantage of thiscircuitis possibility of compensation of temperature influence on a measurement strain gauge resistance (without using additional temperature sensors). An indirect method, examining appropriate voltage on the diagonals of a double-current bridge makes possible tomeasure temperature and resistance of a strain gauge simultaneously. Related accuracy measures of bridge ofrAB, rCD related to initial sensitivities t0 ' or t0 " of increments rAB-rAB0 and rCD-rCD0 ΔR1 andΔR2 variable 
In such a situation the resistance incrementsof strain gauges consists of two components:
The first one is resistance increment or decrement which is caused by bending force. The second one is the increment of temperature change ΔT.In a case of using two identical strain gauges in the circuit it will cause the same value and sign of the relative temperature increments.When one gauge is stretched (Fig. 3) and the other one iscompressed at the same time, the increments of the mechanical stress will have the opposite signs: For several (constant) temperatures of a cantilever beam (from 20°C until 60°C) the measurements were conducted.The reference temperature was 20°C and the beam was bentwith the use of micrometer screw in the range from 0 until 10 mm. As shown in Fig. 4there is a significant influence of rising temperature T on the ε i intercept. The slope is almostidentical. 
V. CONCLUSIONS
The accuracy measures of parameters r AB and r CD are obtained after transformation of error propagation formulas. The two-component method [10] of the bridge transfer functionsgives accuracy representation separately for its initial value and for increment. It is similar like unified one used for digital instruments and sensor transducers ( Table 2 ). The parameters r AB , r CD and their actual and limited errors as the functions of relative increments of resistance ε i are shown for the bridge circuit with two sensorsR 1 , R 2 ( Table 3 ).The error formulas are presentedfor the measurement of two quantities (ε 1 =ε A +ε B ,ε 2 =-ε A +ε B ).
The application of this circuit in simultaneous measurement of strain and temperature change wasfeatured. The experiment confirmed that there was linear relationship between and deflection and relative resistance increments of strain gauges (Fig. 4) .
